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Traffic police riders are exposed to prolonged static postures causing significant 
angular deviation of the musculoskeletal, including the lumbar angle (L1-L5). 
This postural alteration contributes to muscle discomfort, especially in the lower 
back area, as it is one of the most severe modern diseases nowadays. 
Discomfort due to riding a motorcycle is an issue that needs to be addressed as 
it has long-term effects of musculoskeletal disorders (MSD) on motorcycle riders, 
especially among occupational groups. Thus, this study aims to evaluate lumbar 
support with a built-in massager system in order to reduce discomfort among 
traffic police riders. The first stage of this research examines the ergonomic 
problems experienced by the riders using a valid motorcycle seat discomfort 
survey, body chart discomfort, extensive literature search and prior patent 
search. The data from this stage was then analysed and used as input in the 
second stage for product design specification (PDS) to develop a motorcycle 
seat prototype. A total of 18 criteria of PDS were chosen for the development of 
the prototype. In the third stage, an experimental study was conducted among 
24 traffic police riders (12 participants each in the control and experimental 
groups) using an existing motorcycle seat and a developed motorcycle seat 
prototype. Each participant was required to wear a TruPosture smart shirt (to 
monitor spinal angle posture) while riding a motorcycle for 20 minutes. The 
seating and body regions discomfort was assessed using a 100-millimetre Visual 
Analogue Scale (VAS) after the ride. As a result, the experimental group 
recorded a reduced discomfort and maintained and improved the spinal posture 
during the ride duration compared to the control group. From the analysis, there 
was a statistically significant difference (seat length, vibration, physical design, 
tendency to slide, the pressure under buttocks, with/without lumbar support, and 
with/without massager system) between the pre-test and post-test in the 
experimental group (p<0.05). Seven body regions showed a statistically 
significant difference in the pre-test and post-test in the experimental group, 
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namely the neck, shoulders, hand, upper back, lower back, buttocks, thighs and 
calf (p<0.05). There was also a statistically significant difference in all sensors at 
the 0th, 10th, and 20th minutes between the pre-test and post-test in the 
experimental group (p<0.05). The application of a lumbar support with a built-in 
massager system showed a lower angle deviation compared to the control 
group. Overall, the seat discomfort was reduced by 17.0% to 67% and the 
muscle discomfort was reduced by 15.0% to 63.0% after 20 minutes of using the 
prototype. As a conclusion, the motorcycle seat intervention helps reduce traffic 
police riders’ discomfort during prolonged vehicle usage as well as support body 
posture, and therefore, has the potential to reduce the risk of developing MSD 
and spinal injury from this occupational work task.  
 
 
Keywords – Seat features, visual analogue scale, body muscle, spinal angle, 
product design specification. 
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Penunggang motosikal polis trafik terdedah kepada postur statik yang 
berpanjangan menyebabkan deviasi yang ketara pada sudut otot rangka 
termasuk sudut lumbar (L1-L5). Perubahan postur ini adalah faktor penyumbang 
kepada ketidakselesaan otot, terutamanya kawasan belakang bawah kerana ia 
adalah salah satu penyakit moden yang serius pada masa kini. Ketidakselesaan 
akibat menunggang motosikal adalah isu yang perlu ditangani kerana ia 
mempunyai kesan gangguan jangka panjang pada otot rangka penunggang 
motosikal, terutamanya di kalangan kumpulan pekerjaan. Oleh itu, kajian ini 
bertujuan untuk menilai pemasangan sistem urut dalam sokongan lumbar untuk 
mengurangkan rasa tidak selesa di kalangan penunggang motosikal polis trafik. 
Tahap pertama penyelidikan ini mengkaji masalah ergonomik yang dialami oleh 
penunggang motosikal menggunakan tinjauan ketidakselesaan tempat duduk 
motosikal, ketidakselesaan carta badan, pencarian kajian lepas yang luas dan 
pencarian paten sebelumnya. Data dari tahap ini kemudiannya dianalisa dan 
digunakan sebagai input di peringkat kedua untuk spesifikasi reka bentuk produk 
(PDS) bagi menghasilkan prototaip tempat duduk motosikal. Sebanyak 18 
kriteria PDS telah dipilih untuk menghasikan prototaip. Pada tahap ketiga, kajian 
eksperimental dilakukan di antara 24 penunggang polis trafik (masing-masing 
12 peserta dalam kumpulan kawalan dan eksperimen) dengan menggunakan 
tempat duduk motosikal yang sedia ada dan prototaip tempat duduk motosikal 
yang dihasilkan. Setiap peserta dikehendaki memakai baju pintar TruPosture 
(untuk memantau sudut postur tulang belakang) semasa menunggang motosikal 
selama 20 minit. Ketidakselesaan pada tempat duduk dan bahagian badan 
dinilai setelah menunggang motosikal dengan menggunakan Skala Analog 
Visual (SAV) 100 milimeter. Hasilnya, penurunan ketidakselsesaan telah dicatat  
dalam kumpulan eksperimen serta dapat mengekalkan dan memperbaiki postur 
tulang belakang sepanjang tempoh menunggang motosikal berbanding dengan 
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kumpulan kawalan. Dari analisa, terdapat perbezaan yang signifikan secara 
statistik (panjang tempat duduk, gegaran, reka bentuk fizikal, kecenderungan 
untuk meluncur, tekanan di bawah punggung, dengan/tanpa sokongan lumbar, 
dan dengan/tanpa sistem urut) antara pra-ujian dan pasca-ujian didalam 
kumpulan eksperimen (p <0.05). Tujuh kawasan badan menunjukkan perbezaan 
yang signifikan secara statistik dalam sesi pra-ujian dan pasca-ujian dalam 
kumpulan eksperimen, iaitu leher, bahu, tangan, belakang atas, belakang 
bawah, punggung, paha dan betis (p<0.05). Terdapat juga perbezaan yang 
signifikan secara statistik dalam semua sensor pada minit ke-0, ke-10 dan ke-20 
antara pra-ujian dan pasca-ujian dalam kumpulan eksperimen (p <0.05). 
Penggunaan pemasangan sistem urut dalam sokongan lumbar menunjukkan 
sudut deviasi yang lebih rendah berbanding kumpulan kawalan. Secara 
keseluruhan, ketidakselesaan tempat duduk menurun sebanyak 17.0% 
sehingga 67%, dan ketidakselesaan otot badan menurun sebanyak 15.0% 
sehingga 63.0% setelah 20 minit menggunakan prototaip. Secara kesimpulan, 
intervensi pada tempat duduk motosikal membantu mengurangkan 
ketidakselesaan penunggang motosikal polis trafik semasa penggunaan yang 
berpanjangan dan ia membantu menyokong postur badan, oleh itu, ia berpotensi 
untuk mengurangkan risiko terkena masalah otot rangka dan kecederaan tulang 
belakang daripada tugas pekerjaan ini. 
 
 
Kata kunci – Ciri-ciri tempat duduk, skala analog visual, otot badan, sudut tulang 
belakang, spesifikasi reka bentuk produk 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 
 

ACKNOWLEDGEMENTS 

 

Here I would like to praise Allah because, for His permission, this thesis could 
be completed. Without his permission, I would not have the will and power to run 
this research and to produce this complete thesis.  
 
 
This project would not be completed if not because of the contributions of 
important people. I would like to show my greatest appreciation to my supervisor, 
Assoc. Prof. Dr. Karmegam Karuppiah, for his supervision, teaching, and 
guidance through all the research processes. Without his commitment, 
dedication, support, and patience, this thesis cannot be completed as it can be 
seen today. He had given me a lot of opportunities to explore important 
knowledge and a lot of important chances to improve myself and my research. I 
would also like to thank my co-supervisor, Assoc. Prof. Dr Irniza, Dr Vivien How, 
Dr Sivasankar, and Prof Kulanthayan which had spent their extra time and effort 
by helping and guiding me in stimulating my idea related to this project. 
 
 
I want to thank my family, especially my beloved husband, Muhammad Shahmi, 
my kids, Danish and Delisha as well as my dearest parents, for their support and 
motivation throughout my study here until this project was completed. I would 
like to thank my family for their support and motivation are given to me 
throughout my study here until this project was completed. They are the core of 
inspiration for a developing student as myself.   
 
 
To the Royal Malaysian Police in Bukit Aman Headquarters and Officer in 
Charge of Kuala Lumpur Traffic Police Station as well as Maktab Teknik PDRM 
Bakri, Muar, Johor, I would like to show my sincere appreciation for which they 
had given enormous cooperation with me during the data collection process. This 
also includes traffic police riders who were willing to act as the respondents and 
gave me their precious time to help me along the way. 
 
 
I would also like to thank my project mate, Putri Anis Syahira Mohamad Jamil, 
for her friendship, being there with me from the start as a post-graduate student, 
and for supporting each other throughout this research.  
 
 
Last but not least, to all who had directly and indirectly given their hands and 
words in helping me during my pursuit of knowledge here in Universiti Putra 
Malaysia. 
  



vi 
 

I certify that a Thesis Examination Committee has met on 24 June 2021 to 
conduct the final examination of Nur Athirah Diyana binti Mohammad Yusof on 
her thesis entitled “Evaluation of Motorcycle Seat with Lumbar Support 
Massager in Reducing Discomfort and Maintaining Spinal Posture among Traffic 
Police Riders” in accordance with the Universities and University Colleges Act 
1971 and the Constitution of the Universiti Putra Malaysia [P.U.(A) 106] 15 March 
1998. The Committee recommends that the student be awarded the Doctor of 
Philosophy. 

Members of the Thesis Examination Committee were as follows:  

Sharifah Norkhadijah binti Syed Ismail, PhD  
Senior Lecturer 
Faculty of Medicine and Health Sciences 
Universiti Putra Malaysia  
(Chairman)  
 
Ahmad Azuhairi Ariffin, PhD  
Associate Professor 
Faculty of Medicine and Health Sciences 
Universiti Putra Malaysia  
(Internal Examiner)  
 
Tang Sai Hong, PhD  
Associate Professor 
Faculty of Engineering 
Universiti Putra Malaysia  
(Internal Examiner)  
 
Adel Mazloumi, PhD  
Professor 
School of Public Health 
Tehran University of Medical Sciences 
Iran 
(External Examiner)  
  

 

 

 

_______________________________ 

ZURIATI AHMAD ZULKARNAIN, PhD 
Professor Ts. and Deputy Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
 

Date: 30 September 2021 



vii 
 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has 
been accepted as fulfilment of the requirement for the degree of Doctor of 
Philosophy. The members of the Supervisory Committee were as follows: 
 
 
Karmegam a/l Karuppiah, PhD  
Associate Professor 
Faculty of Medicines and Health Sciences 
Universiti Putra Malaysia 
(Chairman) 
 
Irniza binti Rasdi, PhD 
Associate Professor 
Faculty of Medicines and Health Sciences 
Universiti Putra Malaysia 
(Member) 
 
Vivien How, PhD 
Senior Lecturer 
Faculty of Medicines and Health Sciences 
Universiti Putra Malaysia 
(Member) 
 
Kulanthayan a/l KC Mani@Subramanian, PhD 
Professor 
Faculty of Medicines and Health Sciences 
Universiti Putra Malaysia 
(Member) 
 
Sivasankar a/l Sambasivam, PhD 
Researcher 
Faculty of Medicines and Health Sciences 
Universiti Putra Malaysia 
(Member) 
 

 

 

____________________________ 

ZALILAH MOHD SHARIFF, PhD  
Professor and Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
 
Date: 14 October 2021 

 
 



viii 
 

Declaration by graduate student 
 
 
I hereby confirm that: 

• this thesis is my original work; 

• quotations, illustrations and citations have been duly referenced; 

• this thesis has not been submitted previously or concurrently for any other 
degree at any other institutions; 

• intellectual property from the thesis and copyright of thesis are fully-owned 
by Universiti Putra Malaysia, as according to the Universiti Putra Malaysia 
(Research) Rules 2012; 

• written permission must be obtained from supervisor and the office of 
Deputy Vice-Chancellor (Research and Innovation) before thesis is 
published (in the form of written, printed or in electronic form) including 
books, journals, modules, proceedings, popular writings, seminar papers, 
manuscripts, posters, reports, lecture notes, learning modules or any other 
materials as stated in the Universiti Putra Malaysia (Research) Rules 2012; 

• there is no plagiarism or data falsification/fabrication in the thesis, and 
scholarly  integrity is upheld as according to the Universiti Putra Malaysia 
(Graduate Studies) Rules 2003 (Revision 2012-2013) and the Universiti 
Putra Malaysia (Research) Rules 2012.  The thesis has undergone 
plagiarism detection software. 

 

 

Signature: ________________________   Date: __________________ 

 

Name and Matric No.: Nur Athirah Diyana bt Mohammad Yusof, GS48923  

 

 

 

 

 

 

 

  



ix 
 

Declaration by Members of Supervisory Committee  
 
 
This is to confirm that: 

• the  research conducted and the writing of this thesis was under our 
supervision; 

• supervision responsibilities as stated in the Universiti Putra Malaysia 
(Graduate Studies) Rules 2003 (Revision 2012-2013) are adhered to. 
 
 
 

Signature:   

Name of Chairman of 
Supervisory Committee: 

 

Assoc. Prof. Dr. Karmegam Karuppiah____ 

 

 
 
Signature: 

 
 
___________________________________ 

 

Name of Member of 
Supervisory Committee: 

 
 
Assoc. Prof. Dr. Irniza Rasdi 

 

 

 
Signature: 

  

Name of Member of 
Supervisory Committee: 

 
 
Dr. Vivien How 

 

 

 
Signature: 

  

Name of Member of 
Supervisory Committee: 

 
 
Dr. Sivasankar Sambasivam 

 

 

 
Signature: 

  

Name of Member of 
Supervisory Committee: 

 
 
Prof. Kulanthayan KC Mani 

 

 

 
 

 

 
 



x 
 

TABLE OF CONTENTS 
 

 Page 

ABSTRACT i 
ABSTRAK iii 
ACKNOWLEDGEMENTS v 
APPROVAL vi 
DECLARATION viii 
LIST OF TABLES xiv 
LIST OF FIGURES 
LIST OF APPENDICES 

xvi 
xix 

LIST OF ABBREVIATIONS xx 
  
CHAPTER      
   

1 INTRODUCTION 1 
 1.1    Research Background  1 
 1.2    Problem Statement  2 
 1.3    Study Justification  6 
 1.4    Research Objectives 7 
          1.4.1    General Objectives  7 

          1.4.2    Specific Objectives  7 
 1.5    Research Hypotheses  8 
 1.6    Scope of Study 8 
 1.7    Thesis Contribution       8 
 1.8    Linkages of Research Chapters                                                     9 

    
2 LITERATURE REVIEW 12 
 2.1    Definition of Discomfort 12 
          2.1.1    Motorcycle Seat Discomfort 12 
          2.1.2    Muscle Discomfort  13 
          2.1.3    Risk Factors 16 
                      2.1.3.1    Occupational Factors 16 
                      2.1.3.2    Non-occupational Factors 16 
 2.2    Discomfort Survey 17 
 2.3    Seat Discomfort in Vehicle 17 
 2.4    Existing Automobile Seating Discomfort       

Survey 
17 

          2.4.1    Visual Analogue Scale (VAS) 21 
 2.5    Anatomy of Musculoskeletal System and     

Spine 
21 

          2.5.1    Musculoskeletal System 21 
          2.5.2    Spine 23 
          2.5.3    Erector Spinae Muscle 24 
          2.5.4    Thoracolumbar Fascia 25 
 2.6    Riding Posture 25 
 2.7    Measurement of Spinal Angle Posture 

         2.7.1    TruPosture 
27 
27 

 2.8    Seat Design  28 



xi 
 

          2.8.1    Anthropometric  30 
          2.8.2    Design Process 33 
          2.8.3    Seat Features 35 
          2.8.4    Lumbar Support 35 
          2.8.5    Massager System in Automobile  

Seat 
36 

 2.9    Traffic police in Malaysia 37 
           2.9.1    Nature of Work of Traffic Police    

Riders 
38 

 2.10    Prior Pattern Search 39 
 2.11    Current research in ergonomics of 

motorcycle 
42 

 2.12    Conceptual Framework 45 
 2.13    Summary of Literature Review 46 
 
3 ASSESSMENT ON HIGH-POWERED 

MOTORCYCLE SEAT DISCOMFORT AMONG 
TRAFFIC POLICE RIDERS: AN INITIAL 
INVESTIGATION 

47 

 3.1 Introduction 47 
 3.2 Methodology 48 
  3.2.1 Study Design 48 
  3.2.2 Study Location 48 
  3.2.3 Sampling Frame  48 
  3.2.4 Sample Size 48 
  3.2.5 Study Population 49 
  3.2.6 Sampling Method 49 
  3.2.7 Study Instrumentation 49 
  3.2.8 Study Procedures 50 
  3.2.9 Quality Control  50 
   3.2.9.1 Reliability and Internal 

Consistency  
50 

   3.2.9.2 Validity 51 
   3.2.9.3 Pilot Study 51 
  3.2.10 Statistical Analysis 53 
 3.3 Result 54 
 3.4 Discussion 55 
 3.5 Conclusion 57 
   
4 HIGH-POWERED POLICE MOTORCYCLE: 

MUSCLE DISCOMFORT AMONG MALAYSIAN 
TRAFFIC POLICE RIDERS 

58 

 4.1    Introduction 58 
 4.2    Methodology 59 
    4.2.1    Study Design 59 
    4.2.2    Study Location  59 
    4.2.3    Sampling Frame  59 
    4.2.4    Sample Size 59 
    4.2.5    Study Population 60 
    4.2.6    Study Instrumentation 60 
    4.2.7    Study Procedure  61 



xii 
 

    4.2.8    Statistical Analysis 61 
 4.3    Result 61 
 4.4    Discussion 65 
 4.5    Conclusion 65 

   
5 DEVELOPMENT OF LUMBAR SUPPORT FOR 

TRAFFIC POLICE MOTORCYCLE SEAT WITH 
BUILT-IN MASSAGER SYSTEM: AN 
ERGONOMIC PRELIMINARY STUDY  

66 

 5.1    Introduction 66 
 5.2    Methodology 67 
  5.2.1    Stage 1: Problem identification and 

determining criteria list   
67 

         5.2.2    Stage 2: Design and Development of 
a Prototype          

68 

          5.2.3    Stage 3: Initial testing 68 
 5.3    Result   69 

          5.3.1  Stage 1: Problem identification and 
criteria list              

69 

          5.3.2   Stage 2: Design and Development of 
a Prototype        

70 

                       5.3.2.1    Product Design Specification     71 
                     5.3.2.2   Conceptual Design  72 
                     5.3.2.3   Detail design  77 

                     5.3.2.4   Prototype Development  
Process  

77 

         5.3.3   Stage 3: Initial testing  78 
                   5.3.3.1    Riding posture 78 
                   5.3.3.2    Discomfort ratings 79 
 5.4    Discussion 80 
 5.5    Conclusion 80 

   

6 EFFECT OF A LUMBAR SUPPORT WITH 
BUILT-IN MASSAGER SYSTEM TO REDUCE 
SEATING DISCOMFORT AMONG TRAFFIC 
POLICE RIDERS 

81 

 6.1    Introduction   81 
 6.2    Methodology 82 
          6.2.1    Study Design  82 
          6.2.2    Study Location  82 
          6.2.3    Sampling Unit 82 
          6.2.4    Sample Size 82 
          6.2.5    Study Population 83 
          6.2.6    Study Procedure  84 
          6.2.7    Study Instrumentation  85 
                      6.2.7.1    Questionnaire  85 
                      6.2.7.2    Motorcycle Seat 85 
          6.2.8    Statistical Analysis 86 
 6.3    Result 86 



xiii 
 

           6.3.1    Socio-Demographic and 
Occupational Profiles of Traffic 
Police Riders 

86 

           6.3.2    Distribution of Discomfort Rating 87 
           6.3.3    Comparison of Muscle Discomfort 

Ratings Between Pre-Test and 
Post-Test Studies 

90 

    6.3.4    Comparison of Motorcycle Seat 
Discomfort Ratings Between Pre-
Test and Post-Test Studies  

90 

 6.4    Discussion 91 
 6.5    Conclusion 93 

   
7 ASSESSMENT OF SPINE POSTURE 

PROFILES AMONG HIGH-POWERED TRAFFIC 
POLICE MOTORCYCLE RIDERS 

94 

 7.1    Introduction 94 
 7.2    Methodology 95 
          7.2.1    Study Design   95 
          7.2.2    Study Location 95 
          7.2.3    Sampling Unit  95 
          7.2.4    Sample Size 95 
          7.2.5    Study Population 96 
          7.2.6    Study Procedure  96 
          7.2.7    TruPosture 98 
          7.2.8    Statistical analysis 99 
 7.3    Result 99 
         7.3.1    Distribution of Five Different Sensors  

for Spinal Angle   
99 

         7.3.2    Comparison of Five Different Sensors 
between Pre-Test and Post-Test 
Studies  

103 

 7.4    Discussion 104 
 7.5    Conclusion 106 
   

8 SUMMARY, CONCLUSION AND 
RECOMMENDATIONS FOR FUTURE 
RESEARCH 

107 

   
REFERENCES 113 
APPENDICES 127 
BIODATA OF STUDENT 159 
LIST OF PUBLICATIONS 160 

 
  



xiv 
 

LIST OF TABLES 
 

Table    Page 
   

1.1 The summarised of MSD among police officers 4 
 

2.1 Previous studies on body muscle and seat features 
discomfort in vehicles 
 

14 

2.2 The items used in surveys on the consideration of discomfort 
in the development of car and motorcycle seats. 
 

19 
 
 

2.3 Previous survey studies on the Development and Evaluation 
of vehicle seating discomfort 
 

20 

2.4 Advantages and disadvantages of VAS in discomfort surveys 
 

21 

2.5 Regions of the vertebral column 
 

23 

2.6 Summary of anthropometric data literature 
 

32 

2.7 The list of work task for traffic police in Malaysia 
 

38 

2.8 Duty roster of traffic police riders 
 

38 

2.9 Simplified patent search descriptions 
 

40 

2.10 Prior patent search 
 

40 

2.11 Limitations for each patent searched 
 

42 

2.12 Summary of the previous research related to motorcycle seat 
design 
 

44 

3.1 List of items used in Motorcycle Seat Discomfort Survey 
 

52 

3.2 Test-retest correlation coefficients of the MSDS (N=9) 
 

53 

3.3 Correlations between the questionnaires  
 

53 

3.4 Information profiles of respondents (N=71) 
 

54 

3.5 Correlation between overall seat discomfort with age, BMI, 
riding profiles and body regions (N=71) 
 

55 

4.1 Information profiles of respondents (N=137) 
 

62 

4.2 Correlation between overall discomfort ratings with age, 
duration of ridings, and year of riding experience (N=137) 

63 



xv 
 

 

5.1 PDS for the motorcycle seat prototype 
 

71 

5.2 Conceptual designs and their characteristics 
 

75 

5.3 Evaluation of conceptual designs using a matrix method 
 

76 

5.4 Percentage of improvement of motorcycle seat prototype 
(N=5) 
 

79 

6.1 Distribution of socio-demographic and occupational profiles 
between the control group and experimental group (N=24) 
 

87 

6.2 Median score for the body discomfort ratings between pre-test 
and post-test (N=24) 
 

90 

6.3 Median score for seat feature discomfort ratings between pre-
test and post-test (N=24) 
 

91 

7.1 Minimum and maximum value of a deviation spinal posture 
angle profile throughout 20 minutes (N=24) 
 

103 

7.2 A Median score of five different sensors between pre-test and 
post-test studies 
 

103 

 
  



xvi 
 

LIST OF FIGURES 
 

Figure    Page 
   

1.1 Flowchart of chapter association in the research 
 

11 

2.1 Cross-section of musculoskeletal system 
 

22 

2.2 The structure of spine 
 

23 

2.3 The erector spinae muscle 
 

24 

2.4 Thoracolumbar Fascia muscle 
 

25 

2.5 The basic bike postures 
 

26 

2.6 The preferred riding back posture 
 

27 

2.7 Truposture smart shirt 
 

27 

2.8 TruPosture Mobile Apps Interface 
 

28 

2.9 Effect of different sitting postures, seatback angle, 
and lumbar support on disc pressure at lumbar 
area 
 

29 

2.10 Total design process model 
 

33 

2.11 Anthropometric body dimension 
 

33 

2.12 Pugh design process 
 

33 

2.13 Elements of product design specification (PDS) 
 

33 

2.14 Pugh chart 
 

34 

2.15 Flowchart of Pugh chart procedure 
 

34 

2.16 Input and output of the prototype seat features 
 

35 

2.17 Flowchart of prior patent search 
 

39 

2.18 The conceptual framework 
 

45 

3.1 Mean discomfort ratings for the test-retest of the 14 
questions in the seat discomfort questionnaire 
(N=9) 
 

52 

3.2 Motorcycle Seat Discomfort ratings (in mm) for 
traffic police riders (N=71) 

55 



xvii 
 

3.3 Forces acting on a seating position 
 

56 

4.1 Mean discomfort ratings of 20 specific body 
regions (N=137) 
 

62 

5.1 A design process of this study 
 

67 

5.2 Upright sitting (ideal) posture for high-powered 
motorcycle by police trainer 
 

69 

5.3 Upright sitting (not ideal) posture for high-powered 
motorcycle by traffic police riders after 20 minutes 
ride 
 

70 

5.4 Criteria of the proposed prototype 
 

70 

5.5 A lumbar support with a built-in massager system 
Design 1 
 

72 

5.6 A lumbar support with a built-in massager system 
Design 2 
 

73 

5.7 A lumbar support with a built-in massager system 
Design 3 
 

73 

5.8 A lumbar support with a built-in massager system 
Design 4 
 

73 

5.9 A lumbar support with a built-in massager system 
Design 5 
 

74 

5.10 Overall overview of the prototype assembly  
 

77 

5.11 Flow of the prototype development 
 

77 

5.12 A prototype (a) dimensions and (b) its components 
of the motorcycle seat. 
 

78 

5.13 Posture after 20-minutes riding session, (a) before 
and (b) after implementing the prototype. 
 

79 

6.1 CONSORT diagram 
 

84 

6.2 Distribution of discomfort ratings on each body 
region in the control and experimental groups 
 

88 

6.3 Distribution of discomfort ratings on the seat 
features in the control and experimental groups 
 

89 

7.1 CONSORT Diagram 
 

97 



xviii 
 

7.2 TruPosture Mobile Apps Interface 
 

99 

7.3 Mean spinal posture angle changes throughout 20 
minutes riding for pre-test and post-test study 
(N=24) 
 

100 

7.4 Deviation of spinal posture angle throughout 20 
minutes (N=24) 
 

101 

7.5 Posture after 20 minutes of riding session 105 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xix 
 

 

LIST OF APPENDICES 
 

Appendix    Page 
   

A Ethics Approval Letter from JKEUPM 
 

120 

B Approval Letter from Bukit Aman Police Station 
 

123 

C Approval Letter from Maktab Teknik PDRM 
Bakri 
 

125 

D Approval Form for Honda CBX750 Motorcycle 
Seat 
 

126 

E Information sheet in English 
 

127 

F Information sheet in Bahasa Malaysia 
 

130 

G Consent Form 
 

133 

H Questionnaire 
 

135 

I Table of Results (Spinal Angle) 149 
 

 

 



xx 
 

LIST OF ABBREVIATIONS 

 

MSD Musculoskeletal Disorders 
 

LBP Lower Back Pain 
 

PDRM Polis Diraja Malaysia 
 

RMP Royal Malaysian Police 
 

SOCSO Social Security Organisation 
 

SOP Standard Operating Procedure 
 

VAS Visual Analogue Scale 
 

PDS Product Design Specification 
 

 

  



CHAPTER 1 
 
 

INTRODUCTION 
 

 
1.1  Research Background 
 
 
The term “motorcycle” has been defined and described extensively by various 
sources. Cossalter (2006) defined motorcycle as a spatial mechanism consisting 
of four rigid bodies comprised of the front wheel, rear wheel, rear assembly, 
which included the seat, frame, tank, and motor-transmission drivetrain group; 
and the front assembly consisting of the fork, handlebars, and steering head in 
a book entitled Motorcycle Dynamics. Meanwhile, the National Highway Traffic 
Safety Administration (NHTSA) defined a motorcycle as a vehicle with motive 
power having a seat for the rider’s use for travel that does not have more than 
two wheels (Glenn, 2011). However, a previous study defined a motorcycle as 
any given single-tracked, automated, semi-manual or manual transmission mass 
production, prototype, or two-wheeled motor vehicles concept, powered by just 
a rare wheel driven by the chain, shaft by two or four strokes internal combustion 
engine. It comes with various design, types, and purposes such as comfort and 
speed (Ma’arof et al., 2012).  
 
 
Motorcycles are a common type of transportation mode in Malaysia. An 
estimated 11 million motorcycles are used in Malaysia, followed by 10 million 
cars, 62 thousand buses, 99 thousand taxies, and 862 thousand other vehicles, 
leading to the number of vehicles available in Malaysia to be about 26 million in 
2015 (Road and Transport Department, 2016). It is undeniable that motorcycle 
costs are relatively lower than cars; however, motorcycles are the most 
hazardous vehicle mode and, therefore, require more effort to improve their 
safety and comfort level. Although motorcycles are usually used for short-
distance travel as they are the most convenient, cheap, and practical, they are 
also used as the main transportation mode for some occupations such as 
courier, food delivery, postal delivery, and traffic police officers.  
 
 
The majority of traffic police use a motorcycle as the main mode of transportation 
to complete the work task, such as escorts and patrols (Diyana et al., 2019).  
Most of them need to use a high-powered motorcycle to move from one place to 
another because it is fast and convenient for long-distance transport. However, 
Rashid et al. (2021) mentioned that riding a motorcycle with a controlling 
motorcycle along with a demanding workload in duties environment would lead 
to a high risk of accidents due to muscle fatigue and discomfort. Back problems 
are the most reported by occupational riders and drivers than any other 
occupational groups due to prolonged riding or driving, leading to passive 
stiffness changes in the lumbar spine, accelerated disc generation, and 
associated muscle discomfort (De Carvalho & Callaghan, 2011; Battie et al., 
2002). Arunachalam et al. (2018) stated that motorcycle accidents happen 
because of a multi-factorial phenomenon, but uncomfortable riding posture is 
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one of the significant factors for rider’s muscular fatigue, which can lead to 
accidents (Balasubramanian & Jagannath, 2014; Velagapudi et al., 2010; Dutta 
et al., 2014). Previous studies have found that the discomfort ratings of body 
regions among motorcycle riders were very high in Malaysia, especially at the 
lower back area and at shoulder and arms after riding a motorcycle (Karmegam 
et al., 2008; Shafiei et al., 2015; Diyana et al., 2019). Chen et al. (2009) believed 
that a continuous riding of a standard motorcycle for an extended period of time 
would result in a high level of muscle fatigue and health problems. Shafiei et al. 
(2015) found that ergonomic motorcycle seat design helps to reduce muscle 
discomfort and musculoskeletal disorders (MSD) among motorcycle riders. 
However, the current feature in current motorcycle seat still lacks in provide a 
good posture for the occupational rides who usually use motorcycles for up to 12 
hours a day. 
  
 
Hence, it is vital to look at motorcycles from the human factors and ergonomics 
(HFE) perspective. Ergonomics is multidisciplinary with a safe, open, and 
comfortable workplace for employees and their workplace (PA, 2020). In the 
context of motorcycles, ergonomics is intended to improve the interaction 
between user (motorcycle rider) and machine (motorcycle support features), 
which is adaptable with the environment. According to Aragaki et al. (2021), 
ergonomics aims to minimise discomforts that cause poor work performance due 
to long-term impairment. Donnelly et al. (2009) asserted that the inability to fully 
accommodate the position of the seat ergonomically by police officers during a 
shift can increase the discomfort level over time, ultimately leading to MSD. 
 
 
Compared to cars, motorcycle seat intervention had minimal studies, especially 
when it comes to a massager system. There are only several studies that 
focused on the motorcycle seat design intervention (Karuppiah et al., 2012; Patil 
et al., 2014; Eida et al., 2020). Hence, the automotive industry strongly 
encourages the research field to focus more on comfort assessment, especially 
on the seat design and body discomfort (Kolich, 2008). Parallel with the rapid 
growth of the motorcycling industry, interventions on motorcycle seats are 
becoming an increasingly important area for research, especially for 
occupational groups that require prolonged riding, such as traffic police riders. 
However, there is still a minimal product that focuses on occupational riders 
groups, especially when it comes to lumbar support with built-in massager 
system among motorcycle riders to reduce and eliminate discomfort. Thus, it has 
become paramount to conduct and develop an intervention of motorcycle seat 
design for high-powered traffic police motorcycles as a start towards an 
ergonomic lifestyle in an occupation that provides comfort and a healthy working 
environment. 
 
 
1.2 Problem Statement 
 
 
World Health Organization (WHO) has recognised MSD as a significant health 
problem that directly affects user behaviour and as an influential factor that 
causes accidents (Hilton & Whiteford, 2010; Sobeih et al., 2009). In Malaysia, 
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work-related MSD are alarming and are continuously increasing every year as 
statistics showed 708 MSD cases reported in 2016, 1006 cases in 2017, and 
1354 cases in 2018 (SOCSO, 2018). According to Makhsous et al. (2003), MSD 
especially lower back pain (LBP) can cause a tremendous effect on economic 
and productivity which is also a primary problem in the US industry.  
 
 
Riding discomfort while riding a motorcycle has been widely discussed recently 
by previous research studies, implying that this issue has become a critical 
concern in the research field. Based on Karrupiah et al. (2011), riding discomfort 
is a terminology that related with the motorcyclists which the discomfort 
symptoms appeared on the body parts due to the sitting posture during riding 
process. In this study, riding discomfort is defined as a discomfort experienced 
after 20 minutes riding session which is classified into two categories: muscle 
discomfort and motorcycle seat discomfort. Muscle discomfort among 
motorcycle riders showed the worst trend when most of the research found that 
prolonged rides for more than 20 minutes would contribute to the muscle 
discomfort, especially at the lower back, shoulder, and neck (Karuppiah et al., 
2012; Khamis et al., 2014; Balasubramaniam & Jagganath, 2014).  Meanwhile, 
for motorcycle seat discomfort, to the best of the author’s knowledge, there is no 
data and research conducted yet regarding this problem, unlike car seat 
discomfort, which is well-discussed by the previous studies and always had room 
for improvement and invention (Looze et al., 2003; Mansfield et al., 2007; Deros 
et al., 2009; Sammonds et al., 2014) . Besides, the occupational use of the 
motorcycle also is limited in the research field, which could impose health risks 
and early retirement from the occupations (Muzammil et al., 2019).   
 
 
In Malaysia, the trend of early retirements among police officers is at an alarming 
level due to the workload, pressure, and even health problems (BH, 2018). 
Previous studies found that approximately 50% of the traffic police officers use 
motorcycles as their main vehicle while on duty (Diyana et al., 2019; Yusof et al., 
2016). The traffic police force in Malaysia is under the Department of 
Investigation and Traffic Enforcement which is one of the main components of 
the Malaysian Royal Police (MRP). Traffic police riders represent one of the most 
critical subcomponents in this department. They are responsible to escort, patrol 
selected locations, and fine any offence of road users in their eight to 12-hours 
working shift. Most of the motorcycles used are high-powered motorcycles (such 
as Honda ST 1300 with 1500 cc engine V6, Honda VFR 800 with 787 cc engine, 
and Honda CBX 750 with 747 cc engine) compared to ordinary motorcycles of 
which the average engine power is only 110 cc (Yusof, 2016).  
 
 
However, this study focused on Honda CBX 750P21 (747cc) motorcycle 
because a majority of traffic police riders in Malaysia use this motorcycle 
compared to other motorcycles. Moreover, this type of motorcycle is only used 
by the police departments in several countries. From a previous research study 
on the CBX 750P21 motorcycle, it was found that 88.3% of traffic police riders 
suffered from MSD with 34.3% of them suffering from lower back pain due to 
static posture and prolonged sitting while riding the motorcycle (Diyana et al., 
2019). Another previous study also revealed that more than half (54.7%) of the 
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traffic police riders rode high-powered motorcycles for an average of 5.64 hours 
per day with a fixed posture leading to increased discomfort from prolonged 
sitting that enhanced muscle fatigue (Yusof, 2016). This showed that most of 
their working time involves riding motorcycles.  
 
 
Mirbod et al. (1997) studied in Japan and Gyi and Porter (1998) in Canada stated 
that roughly half of the police officers were exposed to prolonged riding and 
driving for more than five hours per day and more than 25000 km per annum 
which had been categorised as over-exposure of body muscles to fatigue. In 
Malaysia, static postures and prolonged riding led to muscle discomfort and 
exposed the officers to the risk of MSD after a few hours of riding session (Diyana 
et al., 2019). Therefore, mobile police officers have a greater prevalence of 
absenteeism due to MSD than other officers in different departments (McKinnon, 
Callaghan, & Dickerson, 2012). Gyi and Porter (1998) concluded that traffic 
police officers had a high prevalence of muscle discomfort in the lower back 
since they had high exposure to driving which they need to spend their shift in 
the same car all day. They agreed that traffic police officers experiencing MSD 
for longer periods within the past year compare to other general duty police 
officers. The main cause of this problem arises because traffic police officers are 
exposed to prolonged riding and driving, static posture, awkward posture, and 
limited adjustability of workstation, leading to muscle discomfort and strain. A 
previous study in Canada highlighted that the majority of the policemen did not 
experience low back pain before recruiting the force which proves that some 
factors of policing caused the muscle discomfort among policemen (Anderson et 
al., 2011). The summarised of MSD in previous studies among police officers 
was illustrated in Table 1.1. 
 
 
Table 1.1: The summarised of MSD among police officers 
 

Previous study of MSD among police officers 

Author 
(year) 

Country Number of 
respondents 

Part of studied Prevalence 
of MSD 

Diyana et 
al. (2019) 

Malaysia 137 traffic 
police riders 

Neck, shoulder, 
back, elbow, 
forearm, low 
back, wrist, 

hips,knee, ankle 

67.9% 

Ana et al., 
(2015) 

Brazil 262 police 
officers 

Neck, shoulder, 
back, elbow, 
forearm, low 
back, wrist, 

hips,knee, ankle 

75% 

Phadke et 
al., (2015) 

India 270 traffic 
police 

officers 

Neck, shoulder, 
back, elbow, 
forearm, low 
back, wrist, 

hips,knee, ankle 

74% 
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Cho et al., 
(2014) 

Korea 353 police 
officers 

Neck, shoulder, 
elbow, lower back, 

wrist, leg 

76.8% 

Nazmul 
(2013) 

Bangladesh 40 traffic 
police 

officers 

Lower back 80% 

Anderson 
et al., 
(2011) 

Canada 30 police 
officers 

Lower back 86% 

Brown et 
al., (1998) 

Canada 1002 police 
officers 

Lower back 62% 

Gyi and 
Porter 
(1998) 

United 
Kingdom 

80 traffic 
police 

officers and 
91 general 

duty officers 

Lower back 38% (traffic 
police 

officers) 
and 22% 
(general 

duty 
officers) 

Mirbod et 
al., (1997) 

Japan 119 traffic 
police riders 

Hand-arm and 
shoulder 

45.4% 

 
 
According to Makhsous et al. (2003), sitting decreases lumbar lordosis 
compared to the standing posture, resulting in increased disc pressure and low 
back muscle activity. This is because while sitting, the ischial tuberosity mainly 
supports the majority of the upper body weight. Increased pressure in this area 
is significantly associated with increased spinal load (Pope, Goh, & Magnusson, 
2002). Van Nieuwenhuyse et al. (2004) stated that occupations that involve 
prolonged sitting have a 3.2 times greater risk of experiencing muscle discomfort 
and developing MSD within the first employment year compared to those who 
did not involve prolonged sitting. Riding a motorcycle exposes the officers to 
excessive physical demand, especially for prolonged periods. They would tend 
to feel discomfort and possibly fatigue while sitting in the same position with 
restricted movements. Discomfort and fatigue usually occur when muscles 
become stiff, and the blood flow is reduced during prolonged riding (Council of 
North-South Motorcycle Wales, 2005). In addition, they cannot maintain an ideal 
posture for a long period due to limited human capabilities.  This is because when 
the person in sitting position, body weight is transferred to the armrest, backrest, 
floor or any supporting areas. Pope et al. (2002) point out that sitting without 
lumbar support could led to 35% intradiscal pressure higher than standing and 
usually ideal sitting posture without lumbar support cannot maintain for long 
period of time due to human capabilities.  
 
 
Previous research found that lumbar lordosis decreased by approximately 43º 
while sitting on an automotive seat compared to standing (De Carvalho & 
Callaghan, 2015). The reduction in lumbar lordosis during sitting has been 
associated with increased tension on the posterior spinal column and intradiscal 
pressure, which could lead to slipped disc (De Carvalho et al., 2010). Besides 
that, the upright sitting posture without lumbar support leads to an unnatural 
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spinal curve. Seated postures have been viewed as potentially harmful and 
considered as one of the major contributing factors for MSD such as discomfort 
in the lower back, neck, and shoulder. In order to reduce this problem, the 
ergonomic intervention has to play an important role in providing sitting comfort 
due to increased exposures to seated postures (Kyung, Nussbaum, & Babski-
Reeves, 2008). 
 
 
Epidemiological studies and literature review stated that many risk factors can 
influence the discomfort rating, especially during riding or driving, such as 
occupational factors (Diyana et al., 2019), seat characteristics (Donnelly et al., 
2009; Gyi & Porter, 1998; Speed, Harris, & Keegel, 2018) and body postures 
(Gruevski et al., 2016; Karuppiah, Salit, Ismail, Ismail, & Tamrin, 2012). The 
occupational factors include years of service (Ghasemkhani, Mahmudi, & 
Jabbari, 2008) and long riding duration (Balasubramanian, Jagannath, & 
Adalarasu, 2014). Meanwhile, seat characteristics include the presence of 
lumbar support (Karuppiah et al., 2012), and a massager (Durkin et al., 2006). 
However, to the best author’s knowledge, there is still a lack of studies on a high-
powered motorcycle rider compared to car drivers, particularly in seat 
intervention. Thus, in this regard, a motorcycle seat prototype is developed and 
assessed in this study to determine the effectiveness in the context of 
ergonomics among traffic police riders. 
 
 
1.3 Study Justification 
 
 
In Malaysia, traffic police riders are qualified and well-trained to ride a high-
powered motorcycle. Their work task requires them to be physically fit and 
medically healthy at all times. Any discomfort experienced while riding a 
motorcycle during duty might decrease their performance, strength, and 
capability. However, there are scanted reference data, profiles, and even 
baselines in relation to the statistics among traffic police on occupational health. 
This limited availability of data makes it difficult to develop evidence-based 
prevention programs for the officers as well as the SOP for a healthy working 
environment. There is also no such specific guideline related to occupational 
safety and health for law enforcement workers in Malaysia compared to 
developed countries such as the United States of America. Thus, this study can 
be one of the baseline data in occupational health among traffic police in 
Malaysia which would be beneficial to researchers, policymakers, employers, 
and employees.  
 
 
Muscle discomfort and MSD are affecting people worldwide with high recurrence 
rates and have caused the loss of function and disability. These disorders usually 
affect vehicle users, especially motorcycle riders as they are exposed to 
prolonged riding in awkward postures due to the limited lumbar support design 
for this group of users. In order to fill the gap of this problem, an engineering and 
ergonomic intervention is needed for motorcycle riders to increase their comfort 
level, reduce lower back pain, and improve their work environments, especially 
for those exposed to prolonged riding. Seats are one of the most important 
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components of vehicles, and they are the place on which drivers and riders 
spend most of their time travelling. For example, according to a previous study 
by Yusof (2016), a traffic police rider sits for approximately 28.2 hours per week 
while riding, which accumulates to 1466 hours of riding time per year, resulting 
in muscle discomfort and MSD, especially at the lower back area. Thus, it is 
recommended to tackle this problem to reduce the number of cases among traffic 
police officers. 
 
 
Besides that, the automotive industry strongly encourages researchers to focus 
more on comfort assessment, specifically dedicated to the seat and target 
postures in the occupational (on-the-road) setting. In the last two decades, public 
awareness and communities’ attitude toward comfort and safety have begun to 
change, in which comfortable sitting is no longer considered a luxury, but a 
requirement, especially in the occupational area. Many previous research works 
on seating comfort of motorcycles have emphasised the need for further 
research in this area (Balasubramanian et al., 2014; Karuppiah et al., 2012; Patil, 
Bajpai, Verma, & Technology, 2014; Rajhans & S. Amrutkar, 2011). However, 
these works are limited in terms of occupational and on-the-road settings. Most 
of the research were focused on laboratory and clinical settings, especially for 
motorcycle discomfort and seat design. Furthermore, most of the massager 
systems are present in car seat features instead of motorcycle seat. Thus, it is 
important for this research to be conducted to develop an intervention for high-
powered motorcycle seat design as well as to provide an ergonomic and 
comfortable working environment for traffic police riders. 
 
 
1.4  Research Objectives  
 
 
1.4.1 General Objective 
 
 
To evaluate the effectiveness of lumbar support with a built-in massager system 
on a high-powered motorcycle seat in order to reduce discomfort among traffic 
police riders. 
 
 
1.4.2 Specific Objectives 
 
 
The specific objectives of this study are as follows: 
 
 
1.4.2.1 To develop a seat discomfort survey for a high-powered motorcycle. 
 
1.4.2.1 To identify the ratings of motorcycle seat discomfort among traffic police 

riders. 
 
1.4.2.2 To identify the ratings of muscle discomfort among traffic police riders. 
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1.4.2.3 To develop lumbar support for motorcycle seat with a built-in massager 
system for a high-powered traffic police motorcycle. 

 
1.4.2.4 To compare the motorcycle seat discomfort ratings between the pre-test 

and post-test sessions in two groups (control and experimental groups). 
 
1.4.2.5 To compare the muscle discomfort ratings between the pre-test and post-

test sessions in two groups (control and experimental groups). 
 
1.4.2.6 To compare the spinal angle profiles between the pre-test and post-test 

sessions in two groups (control and experimental groups). 
 
 
1.5 Research Hypotheses 
 
 
1.5.1 There is a significant difference of motorcycle seat discomfort ratings 

between the pre-test and post-test sessions in the two groups. 
 
1.5.2 There is a significant difference of muscle discomfort ratings between 

the pre-test and post-test sessions in the two groups. 
 
1.5.3 There is a significant difference of spinal angle profiles between the pre-

test and post-test sessions in the two groups. 
 
 
1.6  Scope of Study 
 
 
Musculoskeletal disorders (MSD) usually affects vehicle users, especially 
motorcyclists, as the current feature of a motorcycle seat still lacks in providing 
good posture support for the riders. Therefore, this study primarily focused on 
the effectiveness of the development of lumbar support with a built-in massager 
system in terms of reducing muscle discomfort, motorcycle seat discomfort and 
mintaining spinal posture of traffic police riders. This prototype was developed 
based on Pugh’s total design process model. The competent police trainer (high-
powered motorcycle) in Maktab Teknik PDRM Bakri, Muar,were actively 
engaged throughout the prototype development phase with an opinion and 
suggestion from the research team and expertise. The prototype then was tested 
among  traffic police riders under Escort Unit in Kuala Lumpur Traffic Police 
Station. Overall, this study takes almost two years  in prototype development and 
testing, recruitment of officers as well as data collection. 
 
 
1.7 Thesis Contribution 
 
 
The contribution of this thesis involved four categories: methodology, industry, 
knowledge, and practical. For methodology, this thesis had successfully 
developed a new discomfort questionnaire for a high-powered motorcycle seat 
which known as Motorcycle Seat Discomfort Survey (MSDS). This survey has 
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possibility to become a tool in the future research. In term of industry, this thesis 
had successfully developed a new invention for a high-powered motorcycle seat 
which meet the Malaysian physical dimension. Besides, this research had 
successfully developed an industry partner with PDRM in Bukit Aman 
Headquarters and Maktab Teknik PDRM Bakri Muar which the end-user is 
focused in this research. This thesis proved the effectiveness of this motorcycle 
seat prototype (lumbar support with built-in massager system) and successfully 
published five papers for the knowledge contribution. Last but not least, in terms 
of practicality, this research had fulfilled the user needs.  
 
 
The present invention offers a novel apparatus that provides firm lumbar support 
for the rider without reducing the size of rider space and, at the same time, 
provides a massager system to relieve discomfort for traffic police riders. The 
present invention integrates adjustable lumbar support with a seat massager. 
The rider can continuously use the massager (4 minutes off to 1 minute on) or 
switch it on when needed. The lumbar support on the motorcycle seat can 
support different heights of riders as the lumbar support height can be adjusted, 
thereby giving the riders greater comfortability. This study is the first study that 
has proposed a prototype (lumbar support with built-in massager) for 
occupational using a high-powered motorcycle. This prototype was also 
evaluated using an occupational (on-the-road) setting in which riding in an actual 
working condition was applied.  
 
 
1.8  Linkages of Research Chapters 
 
 
This section describes the relationship between each chapter presented in this 
thesis. This thesis consists of eight chapters. Each chapter is segmented to 
achieve each specific objective outlined in this study. Except for Chapters One, 
Two and Eight, the rest of the other chapters are presented in a structure akin to 
a research paper containing a standalone introduction, methodology, results, 
and conclusion. 
 
 
The first chapter is an introductory section describing the research area and 
outlines the background and rationale of this study. The second chapter reports 
the information established in the literature related to ergonomic motorcycle seat 
design, riding posture, and health effects (MSD and muscle discomfort). This 
chapter elaborates extensively on the conceptual model and framework 
significant to this study. The methodologies and approach adopted in this study 
are also described in detail with regards to previous studies. This chapter 
includes the development of the conceptual framework based on the selected 
model in the previous study. The finalised framework was used as a guide to the 
entire process integrated into this research study.    
 
 
The third chapter discusses the discomfort ratings of motorcycle seat discomfort 
using Motorcycle Seat Discomfort Survey (MSDS). The survey, which consisted 
of 14 items, was used in a field data collection involving 71 traffic police riders at 
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the Kuala Lumpur Traffic Police Station. The fourth chapter analyses and reports 
the discomfort ratings of body regions among 137 traffic police riders. Chapters 
Three and Four provide an overview of the ergonomic issues on discomfort faced 
by traffic police riders in Malaysia, linked with Chapter Five in order to identify 
the PDS and to develop a prototype. 
 
 
The fifth chapter described the procedure and process of prototype development 
(lumbar support with a built-in massager system) in details. The development of 
a prototype in this chapter involved three stages: problem identification, 
development of the prototype, and initial testing. 
 
 
Chapters Six and Seven describe the effectiveness of the prototype used by 
traffic police riders. This is a part of significant research in this study, and the 
output is divided into two Chapters. Chapter Six discusses muscle discomfort 
ratings and motorcycle seat discomfort ratings for the control and experimental 
groups. Meanwhile, Chapter Seven reports the spinal angle profiles of traffic 
police riders to determine the effectiveness of motorcycle seat prototypes in 
maintaining body posture in the control and experimental groups. 
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